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Current-induced switching in a single exchange-biased ferromagnetic layer

T. Y. Chen, Y. Ji, and C. L. Chien®
Department of Physics and Astronomy, Johns Hopkins University, Baltimore, Maryland 21218

M. D. Stiles
Electron Physics Group, National Institute of Standards and Technology, Gaithersburg, Maryland 20899

(Presented on 10 November 2004; published online 5 May 2005

We demonstrate current-induced switching effects in a single exchanged-biased ferromagnetic layer.
A nanodomain can be switched within the ferromagnetic layer by a spin-polarized current injected
through a point contact. The high resistance of the hysteretic switching is due to the formation of a
domain wall between the nanodomain and the rest of the layer. The switching behavior observed in
a single layer is a type of spin-transfer torque effect which is the inverse effect of domain-wall
magnetoresistance. At room temperature, nonhysteretic switching behavior with a broad switching
current density range is observed.2805 American Institute of Physi¢®OI: 10.1063/1.1852437

Recently, much attention has been focused on thenagnetic field established the preferential alignment of the
current-induced switchindCIS) effect’™® with which the top Co surface towards the Ht+ direction through the
magnetic configuration of two magnetic entities can beexchange-bias mechanism. A point contact, which accommao-
switched by a spin-polarized current rather than by a mageated the necessary high current density for CIS effect, was
netic field. This is because a spin-polarized current carries then made on the surface of the top by approaching a Cu tip
spin angular momentum. A part of this angular momentunto the layer using a differential screw mechanism. Resistance
can be transferred to a magnetic entity as a torque, via the//1) and differential resistancédV/dl) as a function of
spin-transfer torquéSTT) effect®™? A common geometry current(l) were separately measured at the same time using
for realizing the CIS effect is a FM/NM/FM trilayer, where the lock-in technique. The polarity of the current is positive
the two ferromagneti¢FM) layers are physically separated when the current is flowing from the tip to the thin film.
by a nonmagneti¢NM) layer. The thicker FM layer works Hysteretic switching loops were observed in both resis-
as the “fixed” layer, while the thinner FM layer is the “free” tance and differential resistance versus current curvek at
layer. The torque induced by a current with sufficient current=4.2 K, as shown in Figs. (h)—1(d), similar to those ob-
density flowing perpendicularly through the trilayer can aligntained in Co/Cu/Co trilayers using point-contact spin
the free layer parallel and antiparallel to the fixed layer, de1’njection8 and nanopillaré.‘7 As described below, this
pending on the polarity of the current. The switching of theswitching is due to the magnetization reversal of a nan-
configuration of the two magnetic layers can be verified visodomain underneath the contact and above the rest of the
its inverse effect, the giant magnetoresista(@®IR) effect.  film. The switching currents are different for different con-

This work demonstrates CIS effects in single tact resistancefFigs. 1b)-1(d)]. However, they all share a
exchange-biased FM layer. A magnetic nanodomain in @ommon switching current density which is(48+0.6
magnetic layer can be manipulated to be parallel and antipar< 10° A/cm? for the negative side and(4.5+1.3
allel to the rest of the film by a current injected through ax 10° A/cm? for the positive side, as shown in Fig(el
point contact. The parallel configuration with low resistanceusing a ballistic model®
and the antiparallel configuration with high resistance are  The high and the low resistances of the switching indi-
confirmed by the magnetoresistar(dR) of the contact at a cate that there is a noncollinear magnetization in the vicinity
current close to zero. The absolute magnitude of the resisf the contact. This was further confirmed by the MR mea-
tance change observed in the single layer is larger than thosgirement with an in-plane magnetic field using a small cur-
observed using trilayers. At room temperature, nonhysteretigent of 0.1 mA, which causes no STT effect. As shown in
switching with reduced switching current density is ob-Fig. 2(a), the resistances of parallel and antiparallel states are
served. the same for both the CIS effect and MR results. Similar to

The schematics of our experimental setup are shown ifhat in trilayers, the nanodomain works as the free layer
Fig. 1(a). The 400 nm Co film was made by sputtering and awhile the rest of the film works as the fixed layer. The torque
thin antiferromagnetic CoO layer was formed on the top byexerted on the nanodomain when a current is injected
natural oxidation. The CoO layer on one surface of the Cahrough the point contact can align the magnetization of the
layer causes the two Co surfaces to be different. The sampl@anodomain parallel and antiparallel to that of the rest of the
was field cooled in a vacuum jacket from room temperaturgjjm depending on the polarity of the current, while the mag-
down to 4.2 K with an in-plane magnetic field=+5T,  petization of the rest of the film remains intact. For MR
then the field was ramped to zero. The sign of the initialneasurement in a low-field range0.4 T, Fig. Za)], the
nanodomain is exchange biased and remained in the positive
¥Electronic mail: clc@pha.jhu.edu orientation, only the magnetization of the rest of the film
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FIG. 1. (a) Schematics of the experi-
mental setup;(b)—(d) representative
current-induced switching loops(e)
switching current density for different
contacts.

separated by a nonmagnetic layer, such as Co/Cu/Co, the

2(b)], the nanodomain switches when the exchange bias i€IS effect is the inverse effect of the GMR effect. Here in a

overcome by the applied field. As shown in FighR the

single exchange-biased layer, there is no GMR effect. The

exchange-biased nanodomain switches asymmetrically a@IS effect is the inverse effect of the domain-wall magne-
—-695 and 72 mT while the rest of the film switches sym-toresistancéDMR). Secondly, the switching current density,

metrically at +31.5 mT.

FIG. 2. (a) Current-induced switching loop as a function of curret@shed
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as shown in Fig. (e), is about 4< 10° A/cm?, which is
Several crucial aspects should be emphasized. First efbout one order of magnitude larger than that of trilayers
all, in trilayers where two magnetic layers are physicallyusing point-contact spin injectiBn and nanopillars:”
Thirdly, one notes the large resistance change of switching.
One critical factor in the applications using the CIS effect is

the readout signdf' If the resistance change is small, in the
range of a few ) to 100n2,® one needs to resort to a
lock-in technique to detect the small signal. A much larger
change in resistance has been observed here in a single layer,
as shown in Figs. (b)-1(d). Even after normalization of the
contact resistance, the resistance change is about one order of
magnitude larger than those in trilayérAlthough we cannot
determine a percentage value of the DMR because of the
dominance of the contact resistance, the larger absolute
DMR value observed in the single layer compared to the

L absolute GMR obtained in trilayers with similar contact re-
sistances suggests that DMR is likely to be larger than GMR.
We observed the same resistance change independent of

whether the domain results from the application of an ap-
plied field or a current. This similarity rules out artifacts
caused by the forces on magnetic objects in an applied field.

Artifacts due to magnetostriction are also likely to be small
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because the size of the nanodomain is so small. Magneto-
strictive effects are important in macroscopic samples, where
a very small relative change in a macroscopic length can be
important on atomic length scales.

We have also observed nonhysteretic switching at room

temperature for the same sample, as shown in Fig. 3. It is

line) and magnetoresistance as a function of field at a low bias current ohonhysteretic without sharp resistance step because at room

0.1 mA in the low field range of +0.4 T an) high field range of +0.8 T.

temperature, which is higher than the blocking temperature
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sional state$> thermal activatiolf between two meta-
stable states, or possibly the continuous evolution of some
static state.

In summary, current-induced hysteretic switching effect
has been demonstrated in a single exchange-biased Co layer.
Jj=235 x10°A/cm’ This is a type of spin-trangfer torque effects re_vealed as the
inverse effect of domain-wall magnetoresistance. The
switching current density and the change of resistance are
both about one order of magnitude larger than those in trilay-
ers. At room temperature, nonhysteretic behavior with a
broad switching current density range has been observed.
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